We screened the bacteria with restoration and purification functions in lake water and found that, Bacillus subtilis had the highest water purification ability. Photosynthetic bacteria, lactobacillus bacteria, nitrifying bacteria and oligotrophic bacteria also showed different levels of lake water purification and restoration. L 18 7
Introduction
Due to the impacts of human life and pollution, nitrogen, large amounts of phosphorus and other nutrients entered into the lake [1] . This causes rapid growth of algae and other plankton, decreased dissolved oxygen in water bodies, deteriorated water quality, and massive death of fish and other organisms; this phenomenon is known as water bloom of lake water. The major components that cause lake water bloom were phosphorus, nitrogen and organic carbon [2] . The microbial water purification and restoration rely mainly on microbial metabolism for the purpose of deaminase, dephosphorization and carbon transfer to purify and restore water bodies [3] .
Lake water is generally hydrostatic water and more prone to eutrophication, which is further exacerbated by the plant nutrients imputs from industrial wastewater, domestic sewage and agricultural runoff. It is hard to solve the eutrophication of lake solely relying on the selfpurification of lake water, and lake eutrophication is urgent to be solved [4, 5] .
In this study, we screened the bacteria strains with restoration and purification functions in lake water and studied the ratio of bacteria agents in order to obtain the microbial agents with significant purification and restoration effects on lake water.
Materials and Equipment

Materials and Strains
Lake water was obtained from Hengshui Lake at National Wetland Nature Reserve; Bacillus subtilis, Photosynthetic bacteria, Lactobacillus bacteria, Nitrifying bacteria and Oligotrophic bacteria were preserved by our laboratory.
Instruments
Multi-parameter water quality analyzer was purchased from Hualian Technology Co., Ltd. (5b-6c).
Methods
Determination of the Total Number of Bacteria
The number of bacteria was determined by plate counting method.
Determination of Total Nitrogen
Total nitrogen was determined as described in "Alkaline potassium persulfate digestion ultraviolet spectrophotometry determination of water quality total nitrogen" (GB11894-89).
Determination of Total Phosphorus
Total phosphorus was determined as described in "Ammonium molybdate spectrophotometry determination of water quality total phosphorus" (GB 11893-89).
manganate index determination" (GB11892-89). 
Microorganism Culture
Screening of Lake Water Restoration and Purification Bacteria
According to information reported in literature, microorganisms with water restoration and purification functions, Bacillus subtilis, photosynthetic bacteria, lactobacillus bacteria, nitrifying bacteria 1, nitrifying bacteria 2 and oligotrophic bacteria, were selected, and total phosphorus, total nitrogen and COD value in lake water were measured. Lake water from same position was selected and aliquoted into 7 1L-flasks. The adding amount of microorganisms were: 6 g/L Bacillus subtilis, 2 g/L photosynthetic bacteria, 0.4 g/L lactobacillus, 0.2 g/L nitrifying bacteria 1, 0.2 g/L nitrifying bacteria 2, and 0.4 g/L oligotrophic bacteria, with plain water as control. Different water indicators in lake water were determined 20 d after adding agents, and the measure temperature was 20˚C.
Design of Orthogonal Experiment for Complex Agents Ratio
According to relevant experimental reports and conventional value, orthogonal experiments were preformed mainly using Bacillus subtilis with five other supplemental microorganisms, each containing three concentrations (L 18 7 3 ). The level of orthogonal design factors was shown in Table 1 .
Results and Discussion
Screening of Lake Water Restoration and Purification Bacteria
According to relevant literature, six kinds of microorganisms with lake water purification and restoration ability were selected for pilot study. Related indicators were measured, and the results were shown in Figure 1 .
As shown in Figure 1 , 20 d after adding agents, total phosphorus, total nitrogen and COD values in each water sample revealed that all six bacteria had different levels of water purification and restoration ability. Bacillus subtilis had strongest purification ability of total phosphorus purification, lactobacillus had higher ability of nitrogen purification, and photosynthetic bacteria higher ability of COD purification. Comprehensive analysis of three measured indicators to compare to the purification ability of each bacterium showed that Bacillus subtilis group exhibited strongest water purification capability. According to the purification characteristics of each bacterium, we used a complex agent based on Bacillus subtilis with five other supplemental bacteria as purification agents for studies.
Ratio of Complex Agent
Using COD value as L 18 7 3 orthogonal experiment results, complex agent was added and the results were determined 20 d later, as shown in Table 2 .
As shown in Tables 2 and 3, the ratio difference of various agents had high impacts on the measured COD values. Among each agent ratio, Bacillus subtilis and nitrifying bacteria displayed highly significant impacts, and lactobacillus and oligotrophic bacteria had significant impacts. According to the F value, the order of impacts of each bacteria on COD was: Bacillus subtilis > Comparing with the COD value in original lake water sample, the number decreased 81.15%.
The Impact of Complex Agent on Total Phosphorus Reduction
Complex agent in optimal ratio was added into lake water, total phosphorus content in lake water was measured every 5 d. The results were shown in Figure 2 .
As shown in Figure 2 , after complex agent in optimal ratio was added into lake water, the total phosphorus content in lake water quickly declined in 10 d. Between 10 d and 30 d, the total phosphorus content decreased, but in a slow rate. Within the experimental period, the lowest total phosphorus content was observed at 30 d, with the minimal value of 0.11 mg/L and the relative reduction of 85.90%, indicating that addition of complex agent in this ratio can effectively reduce the phosphorus content in lake water.
The Impact of Complex Agent on Total Nitrogen Reduction
Complex agent in optimal ratio was added into lake water, total nitrogen content in lake water was measured every 5 d. The results were shown in Figure 3 .
As shown in Figure 3 , after complex agent in optimal ratio was added into lake water, the total nitrogen content in lake water quickly declined in 20 d then slowly decreased. Within the experimental period, the lowest total nitrogen content was observed at 30 d, with the minimal value of 4.03 mg/L and the relative reduction of 70.96%, indicating that the complex agent in this ratio had good effects on reducing nitrogen content in lake water.
The Impact of Complex Agent on COD Value
Complex agent in optimal ratio was added into lake water, COD value in lake water was measured every 5 d.
The results were shown in Figure 4 .
As shown in Figure 4 , when adding complex agent in optimal ratio, the COD value showed highest reduction extent in the first 20 d, which may be because the better effects and higher activity of complex agent during this period. After 20 d, the COD value in lake water decreased slightly, but remained similar. At 30 d, the COD value in lake water was lowest, with the minimal value of 5.13 mg/L and the relative reduction of 81.89% comparing to no complex agents control, indicating that addition of complex agent in this ratio can effectively reduce the COD value in lake water.
Conclusion
Eutrophication can cause deteriorated water quality and reduced level of dissolved oxygen in water, which affected the living of water creatures. Application of microorganisms for water purification and restoration can effectively purify water. Through the screening of bacteria with water restoration and purification capacity showed that Bacillus subtilis had strongest water purification ability, and other bacteria had different levels of impacts on water purification and restoration. Using L1873 orthogonal experimental design to optimize the ratio of complex agents, we got the optimal ratio of each bacteria was: 10 g/L Bacillus subtilis, 2 g/L photosynthetic bacteria, 0.8 g/L lactobacillus, 0.6 g/L nitrifying bacteria 1, 0.4 g/L nitrifying bacteria 2 and 0.6 g/L oligotrophic bacteria. When lake water was purified for 30 d under this ratio, total phosphorus content decreased 85.90%, total nitrogen content decreased 70.96%, and COD value decreased 81.19%. These indicated that complex agent in this ratio can effectively reduce the total phosphorus, total nitrogen and COD value in lake water with good purification effect on lake water.
